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I. Introduction. 



A. Proton-Alnhf: Ronctlona . 

Tho basic nuclear equation for the proton-alpha reaction is as 
follows: 

A A-3 

X p ^ X -h °<> +• Q . 

Z Z-l 

This may be aade into an equality if all terras are expressed in 
either energy or jmrs units - energy and mass being interconvertible 
by ’Einstein's equation: 

S * tsc" 

Q represents the aiaount of energy (or e quivalent turns) required 
to balance the equation* and shows up as the difference between the 
kinetic energy of the resultant p rticles and tho kinetic energy of 
the initial particles. If Q is positive the incident proton need 
not provide any kinetic energy to the reaction to sake it energeti- 
cally possible; but if Q is negative the reaction can proceed only 
if the proton has sufficient kinetic energy to ovcrcorao tho unbal- 
ance (plus an amount - usually small - to give action to the center 
of mass of the systeo). 

This particular reaction is for a great sonny isotopes exothermic 
(that is, Q is positive), primarily because of the fact that the 
alph?; particle with its large mss defect is quite econooical in the 
r, mount of mass it carries off from the resultant nucleus. The reaction 
is particularly likely to bo exothermic for odd Z, since the product 
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nucleus turns out to have even 2 and opposite A - which are krotm in 
general to have a gr star mass defect then the parent nucleus. For 
a similar reason a target nucleus of even Z is least likely to give 
an exothermic reaction. 

Fhereas in theory any exothermic reaction can be produced with 
Incident particles of low energy, in practice the yield may be so 
low H 3 to make the reaction undetectable. This is especially true 
in the case of the proton-alpha reaction, because of the Coulotab 
potential barrier surrounding thanueleus. Such a barrier tends to 
keep the incident protons out and to retain alpha particles trying 
to escape. The height of this barrier is not ar curately known but 
has been estimated to be given approximately by the equation(23) : 

U * 0.72 x 2 2 /3 (Kev) 

This naans that for reactions which m.y be induced by protons of 
energies usually available fros a Van de Graaff goner tor, the 
height of the potential barrier except for very light elements is 
always ouch greater than the energy of the incident particle. 

Classical mechanics forbids the protons from ever existing in a region 
where the potential energy is greater than the total energy level, 
which fact would seen to prevent the proton from ever entering the 
nucleus. Modern concepts of quantum mechanics, however, specify 
that the possibility does exist for the proton to be in this tra- 
ditionally forbidden region close to the nucleus, even though the 
potential barrier is higher then the energy of the proton. / nalyses 
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of barrier penetration h^ve been made which indicate that the possi- 
bility of particle penetration, though sea 11 ae a rule, dose increase 
as the particle energy becomes greater or the barrier height ie 
lowered. 

Another factor which must be considered is the "sticking probabili- 
ty" , or tho chance that the proton, once in the, rang* of nuclear 
forces, will merge with the other nucleons to become an integral part 
of the nucleus. Finally there oust be considered the probability that 
tho nucleus will cast out the product particle (in our c r »se the alpha 
particle) before the nucleus stabilises itself by s different process. 
Said particle must bo formed more or less as an entity in the nucleus 
und penetrate the barrier in the sarsa ^uentum-sechnnical sense as the 
entering particle does. 

From tho above considerations one arrives at the overall probabili- 
ty of the occurrence of the reaction in question. This may be expreesed 
by the word "cross-section", wfoich is defined as the probability that 
one incident particle, impinging cn tho target material having one 
nucleus per square centimeter of area normal to the direction ®f im- 
pinge raont, will bring about the reaction. Under usual conditions we 
see that the reaction crons-scction for the proton- lpha reaction will 
in general increase with proton energy. 

At so-called "resonance" points, sharp peaks in the cross-section 
versus energy curve occur, which are superimposed upon the general 
rising cross-section. These resonances are analogous to resonances 
In classical oscillator systems; ■ nd one may occur where the in- 
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coeI ng particle has Just ths right energy to excite an energy level 
of the resulting compound nucleus. In determination of these reso- 
nances experimentally, the conditions must be precisely and carefully 
regulated. 7 ho prediction of the places ©hero reson nces occur is 
difficult from pure theory, since no theoretical means has been found 
to specify exactly whore energy levels of the compound nuclei exist. 
Experimental data is also far from complete. In a general sort of 
way it may be said, nonetheless, that aa Z of a nucleus increases, 
the energy levels come in closer to the ground state energy level, 
become raoro closely spaced, and also become broader. For nuclei of 
high Z the levels are so broad and close together as to fade into one 
another and lose their diocroto quality, thus preventing observations 
of any resonances. For a value of Z in an intermediate region perhaps 
one may detect resonances for our reaction; and as stated previously 
there seem to be many exceptions toithe general rules outlined above 
which say permit such *n observation. Such an observation is facili- 

tated by good energy resolution in the protons as night be expected 
from a well-regulated Van de Graaff generator. 

Another aspect of th* proton-alpha reaction in moderately heavy 
elements is the possibility that the alpha particle will not carry 
off all tho kinetic energy available to it, but leave the resultant 
nucleus in an excited state. This requires of course that the nucleus 
has an excitod state low enough that the alpha particle may still have 
sufficient energy to oenotrate the potential barrier with reasonable 
probability. Usually in this case, the alpha particle emission is 
followed almost immediately (within 10 “^ to 10-12 seconds) by gamma 
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emission. This is sufficiently close to bo considered a coincident 
effect and may be measured as auch since coincidence counters record 
events which s*re separated by *s long as 10 seconds. Fear those 
residual nuclei which do not have too low a value of Z the number of 
energy levels which way be left oxcited following alpha emission from 
the conpound nucleus my be ;uite a few, which gives a high probability 
of gamma emission accompanying the alpha emission. (Parity considera- 
tions any enter into the establishment of fdlowed gamma transitions.) 

Directional preferences may be displayed by tho omitted particle 
(and photon, if occurring). Since the entering proton msy carry 
with it a certain angular momentum, the vector of which is oriented 
at random in a plane perpendicular to the direction of motion of the 
proton beam, the compound nuclei ) 3 as it decays to the ground state 
of the resultant nucleus may get rid of this angtilar momentum by 
emitting radiation in a direction which is prof er antially oriented 
to the said plane. This indicates that the detection of gamma rays, 
either alone or in coincidence with tho alpha particles, s&y h&ve a 
variation with the angle of emission. 

IlossiblUty. o£ Jlr-S^.m>ai^0.^c.tiQp 3 in _3Uncnts with _g from 
26 to g<?. 

Tho metallic elements - iron, cobalt, nickel, < nd copper - are 
particularly worthy of investigation fer the proton-alpha reaction. 

They »re soaowhat above the '’light*' element range, but not too far 
above to sake the reaction impossible of detection using a Van de 
Graaff of 2 itev maximum energy. Also in this r 'ylon of masses 
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resonances my possibly bo detoctod and the expected energy levels of 
the residual nucleus are low enough that g&aeui ray emission cay be 
associated with the alpha particle emission. 

The stable isotopes of the above elements are as follows: ( 25 ) 



Clement 


Z 


A 


% Abundon* 


Fe 


26 


54 


5.31 






56 


91.66 






57 


2..0 






53 


0.33 


Co 


27 


59 


100 . 


Hi 


28 


58 


67.76 






60 


26.16 






61 


1.21 






62 


3.66 






64 


1.16 


Cu 


29 


63 


69.09 






65 


30.91 



Cobalt and copper isotopes have odd Z, nd therefore in general are 
more likely to enter into cxotherrsic react lone. 

It is possible she re the product nucleus is £ stable isotope, whoso 
E»r.s is known fairly accurately, to compute the value of Q on the basis 
of equality of mass-energy. This gives a formula as follows: 

Q * (^Target “ ^Product “ 2 . 99578 ) ^ 931 » 
where 2.99576 • - 3 - j . 

Using this formula where possible the folio injj values of x are 
obtained: (1),(2),(9)»(10},(15),(16),(21),(22) 
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Target 


£ 


A 


*T 


Up 


Q (Uev) 


Co 


27 


59 


58.95068 

±.00035 


55.95285 

±.00016 


1.91 ± .36 


Hi 


28 


62 


61.94822 

±1.00045 


53.95068 

±^00035 


1.64 ±.53 


Cu 


29 


63 


62.95032 

±..00041 


59.94840 

±.00030 


5.71 ± .47 




29 


65 


64.94884 
± .00032 


61.94822 

±.00045 


4.50 ± .51 



Tho potential barrier height for those elements is on the order of 
6 to 7 Kev, which will not permit a large reaction cross-section but 
will, it is hoped, give a detectable nuscber of reactions. 

foJfrVgMm jtf TxPtensl 

The production and detection of the proton-alpha reaction are 
complicated by tho fact that both of those particles are heavily 
ionising in matter. This means that if one or the other of the par- 
ticles passes through matter before the final detection, it loses its 
energy rather easily; end for the cams reason discrimination between 
tho two typos of particles Is difficult as a rule. For reactions in- 
volving a high positive value of i, those difficulties are minimised 
since the alpha particle becomes relatively penetrating r.d gives a 
large ionization trace in any detection apparatus, 

Tho methods of producing and detecting the reaction ra all standard 
and orthodox. Protons are usually produced by accelerators such as 
the linear accelerator or the Van da Gra&ff generator. Those are ac- 
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celeratod in s vacuum nd are incident upon the target, usually a 
foil which c’jr be coated as required. Detection cf the emitted 
alpha particles is accomplished by several sears - scintillation 
screens (originally counted by eye, but no., by phe%oasul t ipller tube* 
and associated electronic circuits), identification of tracks in a 
photographic cnulsion, or by the usual type of alpha gas-filled 
counters. Alpha r energies are usually determined by having the 
particles pass through a Magnetic field, such as a magnetic spectro- 
graph, which c*n sort out rnd provide a aear.s of measuring the e/a 
ratio of the charged particles p s. ing through. 

L-. A?. JhLj—A 

The object cf the design undertaken for this research has been to 
provide an instrument which will not have the complexities in con- 
struction and use which moat of the usual ones havoj but will still 
be fairly sensitive in detection and give at levst roughly quanti- 
tative data on proton-slph reactions. The basic principle of our 
design requires that the reaction occur within the counting appa- 
ratus, so that the alpha particles have little matter to traverse 
before reaching the detection aone. The detector propar is to be a 
proportion 1 counter, with attached electronic discriminator, which 
will permit separation of alpha particle pulses from proton pulses 
in the process of counting. The particle be&ra Is to be collimated 
to the extent necessary to cause the particles to travsrso the 
sensitive region rougfs/ly parallel to the longitudinal sett*. This 
permits maxistuta ionisation, -nd consistently-sized pulses 
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for particles of eia&lar type and energy. 

Protons are Introduced at a very acute ingle into the apparatus, 
so that the scattering angle will be large and provide a adnisua of 
the scattered protons. The window for entry of the protons is to be 
of a thin foil, (hickel foil of .00005' is available, r.d Is etated 
to be able to hold about an taoephore of pressure differential over 
a hole of area 1 square centiaeter.) The energy loos of the proton 
beam through the foil is accepted, but is deucrainable and under ansi 
circus® t&nces is only » saall fraction of the bera energy. 
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II. Description of the Apparatus 



A. Mechanical Parts. 

The apparatus designed and built in the prosecution of this re- 
search is shown In Figures 1 end 2. The detection device proper 
consists of four parts: (1) the connecting piece which is attached 
between glass insulators at the end of the proton tube in the mag- 
netic analysing section of the Van ds Oraaff generator! (2) tho 
"Faraday cage" which receives tho protons and collimates them in a 
narrow beam to pass through the nickel foil; (3) the reaction chamber, 
which holds the target in such a position that it may receive all the 
protons, and my emit some of its alpha particles into the counting 
chamber; end (4) tho counting chamber itself, which is similar to most 
gas-filled radiation detecting devices - collecting ionisation pulses 
from the particles passing through its sensitive volume via a small 
port in the reaction checker. 

The connecting piece has on it a flexible and g&e- tight sylphon 
tube which aids in lining up the apparatus with the proton beam from 
the generator. It is otherwise simply a straight tube. The "Faraday 
cage" is so called because Faraday originally noted the fact that such 
a hollow body has no field on the inside, » nd it acts a* a bucket 
catching the protons. It is placed at a positive potential with 
respect to the connecting piece in order to minimise loss of electrons 
back-scattered from the foil os protons hit it. 

The reaction chamber is electrically, though not mechanically, 
integral with the r arsd-y c ago portion. The latter may be simply 
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inserted or withdraw from the side tube which holds it, permitting 
easy assactoly. The reaction chamber is designed so that the protons 
may be sent through a foil target and eventually caught behind the 
target in such * way that scattering of the bombarding particles 
into the counting chamber is highly improbable. In this way only 
protons scattered et the given ingle (150°) by the target itself 
car, get to tho sensitive volume. 

The port through which the particles pass is small so as to reduce 
the interfering proton scatter, and also to collimate the clpha par- 
ticles to the extent necessary to prevent their hitting the walla of 
the sensitive volume. This insures that all alpha p&rticlos of the 
acrco energy leaving the target will give approximately tho same ioni- 
sation in tho counter. 

The reaction section ( including the J'oradsy cage) is insulated fro* 
the remainder of the apparatus. This permits it to be maintained at a 
voltage level above its adjacent parts. As indicated above, this helps 
retain any electrons emitted by charged particles striking any p/ rt of 
the apparatus. Tills is noceosary in order to conserve the charge on 
this part, for the reaction chamber is attached electrically to a cur- 
rent integrator c#- some sensitivity which counts the charge accumulated 
in the proton bombardment. This gives a measurement of the flux of 
protons. 

The counter is operated in the proportional regitn. It has vaived 
side ports which are required for gn» filling and for the mercury mano- 
meter hose connection. Any pressure of gas desirable (within lireits 
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imposed by fragility of tho proton window, voltage on the central wire, 
etc.) ar~y bs admitted, Multiple connections are provided ao that gas 
mixtures my be used. 

A vacouua hose is provided between the counter chamber and the corv- 
necting piece which permits placing the vacuum* simultaneously on all 
parte of the apparatus when the valves are ell open. The vacuum aay 
be provided by a mechanic *1 pump or by the pusaping a;iptratu» of the 
Van de Graaff generator itself when in actual oyer* tiors. . fter the 
vacuum is obtained, then tha valve in the connecting hose is clo3«i, 
and tho counter may be filled as r* ‘wired with the proper gisea. 

H, Electronic Portion. 

The electronic parts of the apparatus , though more or less standard 
for proportional type counters, were selected especially for the pro- 
ject at hand, and may therefore deserve i brief descripti *n« 

The central wire of tho counter (5-all nickel wire) receives its 
high positive voltage (around 500 to 1000 volts) from a special power 
source obtained from Nuclear Instrument and Chemical Corporation, It 
is liodei 1090 5000 -v. "emulated Power Supply. It can give positive or 
negative voltage from zero to maximum value, nd is regulated to within 
0.02% of output voltage. 

The pulse of currant assoc in tod with electron collection on the 
central wire and positive ion movement goes to a cathode follower, 
especially designed to have a time constant on the order of a micro- 
second, permitting "uite rapid recovery of the counter. The follower 
has no amplification but provides enough power to prevent diminution 
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in the trunsnise-ion of the ij&pulao to the remainder of the circuit. 

The signal is picked up by & linatr mplifier and discriminator, 
the hemic Instrument Company’s linear amplifier, odel 204-3. This 
amplifier is able to recover very quickly from input signals. It 
nay be set for rice tii&es of 0.2, 0.3, or 5.0 microseconds, rlth sig- 
nal decay tines on the order of five times the rise tiuase. Variable 

arfe/hSa./j'tM 

voltage is provided - from 1 to 64. A discrimination 

circuit wsy be cut in c» desired. The discrimin* tlen permits cutting 
out of all signals beloa u certain set level. 7h3 discrintnator 
section sends out l microsecond, LO-volt pulses rerardloss of the 
strength or duration of the inc teeing pulse. 

The output cf the disci-izdn tor is sent to * scsier circuit of 
standard typ*?. The one used here is the utoscfiacr sold by Tracer- 
Itfe, Inc. It has a ti*uor mechanism which allows, if desired, auto- 
matic cut-off after a pro-set number of counts from 2 to 4096 (by 
powers of 2). 

The whole assembly is counted in a movable steel rack, with wire 
mesh p nal sides for shielding purposes, arid a similar type removable 
cover. This is to minimise stray signal pick-up from all other elec- 
tric apparatus in the vicinity. 

C. TlzrJow Foil . 

The window Is a niekol foil, 0.00005” thick, plated tan a copper 
backing about 20 times as thick. The foil ms nenufectured so s to 
be free of pin-holes, and to be of a very even thickness. Further- 
more, since it can withstand an atmosphere of pressure across 'n 
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area of 1 square centimeter, according to the manufacturer, it is strong 
enough for our use, as it has to cover o hole of somewhat lees area and 
is not expected to withstand more than 400 mntflg of pressure. In moun- 
ting the foil window, the following procedure was used: glyptol was 
placed on the end of the Faraday cage tube, allowed to dry slightly to 
& maximum stickiness; the foil mo then laid on carefully (r.ickol side 
on the glyptol) and gently but firmly pressed on, After a short drying 
period, the foil was trlsuaed around the edgos and further glyptol ap- 
plied at this circumference. After complete drying of ell tho glyptol 
the tube (also protected by a painting of glyptol) was hung, foil side 
down, in a mixture of |H. trichloroacetic acid ami concentre tod ammo- 
nium hydroxide (49$) in approximates ratio of two to one. This dioaclves 
the copper in the fora of a soluble copper complex ion, and leaves the 
nickel foil intact. 

D. insulators. 

The spacing insulators between the sections are cade of Incite, 

These sre rendered gas-tight in tho assembly by 0-rings, placed in 
grooves machined correspondingly in the lucite and adjacent metal 
sections. The lucite insulator* are drilled for screws to pass through, 
end they are connected at the periphery alternately to the metal 
sections on either side. Hhen the nuts aro tig -t«nod on the screws, 
bending stresses would be put on the insulators; *nd for this reason 
brass annular flat rings were inserted in spaces cut out in the lucite 
to take the bonding stresses. ( Lucite alor.e, it w»3 found, is rather 
flexible up to a point, nd then cracks rather easily under tenelle 



stress.) 



?■. Counting of Central electrode. 

The canter wira olectroda of the counter is held at the interior 
end by a 3aaU ball of soft solder, which h.’ 3 bo-n f or. ed in « glass 
bulb ferasd at the ond of a closed capillary tube. This arrangement 
not only holds the wire but f eras a guard ring ?cr the sire preventing 
warping of the electric field in the aval*ncho region at the end of 
the sensitive region, and providing a sudden discontinuity In the sen- 
sitive region of the counter. The glass rod io painted with a faetal 
coating to provide thin guard shield. The other end of the wire is 
led through a S tups k off so«d with hollow electrode, which also provides 
a guard ring. The usphenol connecter is provided to screw directly 
onto the male co- nector of toe preamplifier. 

F. Fllling-gaw. 

A l.T,03t any type of gas m y be used in proportional counters. *or 
b**st results it is best to avoid any molecules of gas which have a 
high probability of capturing electrons and forcing nog Live ions. 

Such gases are oxygen and water vapor. Therefore out-gas. ing of the 
counter by prolonged exposure to a vscuuia ond by heat is desirable. 

The gases used should be able to stop energetic charged n-rticles at 
the pressures contemplated, and for the purpose the heavier noble 
g-.ses are quite appropriate. A mixture of t rgen (99»6£ pure) with 
carbon-dJ oxide, in proportion of 90-10 wao considered suitable for 
use throughout, This particular mixture is favor bly reported (24) 
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to provide high electron drift velocities and to provide less depen- 
dence of fflultiplication on voltage. 
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A. Ftopnlrr Power. 

The incident nrotons from the Van de Grasff genarster pass through 
the thin nickel window, find in the scattering pro cans pass through a 
certain amount of tho target editorial and possibly through any backing 
plate the target material a y require. The alpha particle to be de- 
tected Must pass through a portion of the target, the amount depending 
on the location of the ©editing nucleus in the foil. It therefore bc- 
coreas nece'-ssry in order to obtain quantitative results to know the 
stopping nouer, cr energy loss, to be expected in these media for the 
two types of particles. 

The theory of stopping power h^s been developed by Bohr, Bloch, 
Betho, and others. (3), (5), (6), (?) The theoretical formulae de- 
rived give results which t . re in excellent agreement with experiment 
for the case of high energy, positively charged p«rtlcies pas'ing 
throurh matter of low etoede number. For nodi a of hiy* or atomic 
number the formulas re ulro some r»tk«r complex corrections, the 
details of which have not been completely worked cut. Fcr incld. t 
particle# of low energy, which rry have fluctuations in the char -e 
becat 2 SQ of c- ptur# and lov of electrons, the theor tic 1 results 
er« quits Invalid f -nd only experiment can give ctory ne iers. 

Fortunately He the (3) has draw) up curves of stopping po<«r cf 
certain arubstfoces for nrotans and alph partial* j > *ei on both 
theory and ex x>ri» snt for ail energy values in ich « rc interested. 
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Likewise there la available sosm exrxiriaentsl data on relative step- 
ping power which ill porndt deterain tion of stopping power cf the 
particular elements in which we are interested by Judicious interpo- 
lation end extrapolation, e sill e?»ka us a of tnis method, -nd check 
it by a few calculations involving Bethe’s iorcajla for absolute de- 
termination of stopping power, 

■Stopping power i® defined as the reduction in particle energy per 
unit length of particle travel through tho stopping uadium. It is 
expressed ass - (dl/dx). «to«dc stopping power, (T , is defined as 
the energy loss per unit length of path divided by the number of atoms 
per unit cube of mattor, -hat is. 



Figure 3 gives Bathe's curves for atomic stopping power for protons 
and alpha particles of energies in the range of interest to us, passing 
through «ir. (Figure 31, Bathe and Livingston, 1937), 

Relative atoaic stopping power issy be found by use of a theoretical 
fonsula obtained from the stopping power formula (see below), end 
giver, as: 



<r « 



4- (dZ/d-A) 




effective stoede r :\xsb*r cf medium, 
effective atomic n unbar cf air 
in » subs of electron 
v « velocity of particle, 

1 = average ionisation pet-.tial of medium, 
la " average ionisation potential of -ir. 



jfl m 




There are also available good experimental d.*ita in moderate energy 



ranges. Figure 4 shows the curves plotted from experimental data, * 
linear plot ia given by Siri fvr protons. (Figure 17, firi, 1949). 
However, the plot as&do herein is on f eemi-iognrithnic b sis to 
straighten out the curves a little at low energies and permit better 
extrapolation in that direction. In making this extrapolrticn fer 
very low energies, wo make the curves tend toward a value of unity at 
zero energy. The reason for this is apparent. Bathe and ether-* have 
that electron excitation by a passing charged particle is very 
improbable if *»v 2 is small cossp red to the ionlz tion poter.ti- 1 of 
the electron concerned. Thus as particle energy !ecre< ses it is leas 
able to excite Inner electron*: of the stopping medium, such effect 
appearing scorwfor media of higher etuaic number as coshered to lower. 

In comparing the stopping power of two media, ths above effect tends 
to e :ualieo th® nuaber of effective electrons per atoa of tho substances 
compared. At very lew energies wherein the p rticle v s lo*t its 
charge, or part o'" its charge, a theoretical nalrsia of th* rslativ* 
atesde stopping power Is difficult to make, but cxprrimsr tal dat- 
using light elements h 3 indicated that t v * trend ccrtinues tow rd a 
value of unity, (Figure 37, Reference 3) 

For my cadiun then, of given atomic one may interpolate 

in Figure 4 for tha v'luc of s, ani determine sto">-lrg nowsr by com- 
puting: 

(dE/dx) s o • H r4{ *iu*» . (dVdx) 

medium v air 

w air 



Values of h are tabulated in Tablo 1, appended} a. . etop >ing now t r of 
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nickel raid argon (diluted 10'' with CC 0 ) for alpha particles i-nd protena 
are confuted and tabulated in Table II, 

For a theoretical check cn the above results, Bethe’s formula (3), 



which in perhaps the moat widely accepted, will be used. The basic 



formula (non-relativistlc) is: 

Lrr oh jp- I? ♦ B , where 
- (dS/dx) = rev’ 



B - Z In Urv 2 /l) 

B ■ stopping number 

a s charge number of p-rticle 

* atomic number of m eJ. t am 
e * oiertronic charge 



Other terns have been previously defined. 

The values of £ have been determined experimentally by llano and are 
recorded in Table 1, (19) A theoretical approach by Bloch and an 

enpcrical analysis of ilson show that can be given as 11,5 Z, in 
good agreement wi ll experiment except for high values of L . (5), (27) 
As previously noted, this formula is valid only for particles of 
high velocity, r or low energy particles no velid theoretical formula 
has yet been obtained. For moderate energies the formula may be modi- 
fied to give correct results. This modification is to take account of 
the reduced contribution of inner electrons of the medium in slowing 
domi the particle when the latter’s velocity is 3uch as to cake \ssP 
equal or lass than the ionisation potential of these electrons. 

There are two possible ways of doing this. One method, evolved in 
some detail by Bethe, requires analytical det^rcin- tion of the rsduced 
contributions of the electrons in the K and higher shells, (3), (24) 
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This method is ,uite complex* An alternate method of using the 
original formula, with " and £ used as parameters eo as to meko 
theory agree with experiment, is sufficiently accurate for our 
purposes. (11}, (3) 

Table III gives the tabulated computations of this check on ths 
results for nickel. The results of the calculations shown in Tables 
II and III are seen to ;greo well except for low energies where the 
theoretical approach Is not as accurate. 

The data from Table II is used to obtain the energy loss of alpha 
particles and protons passing through the .05 mil nickel foil which 
is used as a window for the protons and also as a possible target for 
the reaction. In computing the curves for alpha particles of low 
energy it may be noted that the thickness of the foil is large com- 
pared to the range of the particles; and therefore it is more accu- 
rate to divide the fell into ten sheets cf .005 nil thickness, and 
use a step-by-step procedure for computing energy changes of the 
particle passing through successive sheets. The results of the com- 
putations sre shown in Table IV; end the energy loss curvos ore 
graphed in Figure 4. 

It is also necessary to compute the energy loss of the protons as 
they pass through tho 1.75 cm of filling gas between ths window and 
target. Table II gives the data for a centimeter of gas at tno- 
ophoric pressure. For tho given distance and any other pressure, the 
loss equals 

(Energy losa/cn\/aliB03pher«)*(l«75)* (Press. In atmospheres). 
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The results of this computation for various pressures are given in 
Table V. 

In all cases of slowing or stopping of charged particles in passage 
through cat ter the answers provided for range or stopping power at best 
represent only an average, since the stopping procsss in statistical 
in nature. It is therefore of value, in tho cases so aro interested in, 
to obtain the standard deviation frota tho mean energy losses hitherto 
computed. 

The status of tho straggling theory is even less well-defined than 
the theory of stopping power, Again the theory is beet fear high speed 
particles passing through light media. The cases of interest to us - 
f irly slow particle* through somewhat heavy media - have not received 
good theoretical foundations* Bohr ( 7 ) gives a formula which he states 
is not very accurate for heavier atoms, but which can at least give the 
correct order of magnitude of the strangling. The standard deviation 
from the mean of energy loss of a charged particle through natter is 
given by the following forzaula (rearranged according to Karsden and 

/if a 2 , Zpt 

“ ^ A , where 

* standard deviation in energy loss (ergs) 

* weight of particle (g.) 

* thickness of stopping medium (g/cai^) 

* atomic weight of stopping nedJ.ua 

* atccdc number of stopping nediva 



Venkateswarlu (20)): 



n‘ 



si 
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A 

Z* 
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To find tho straggling of the protons in p* ."sing t! rough t'.e window 



foil we note that 0.05 ail of nickel Is equivalent to 1.13 sc/ca 2 . 
Then by substitution of standard data in the foraul? wc sea t.st: 



As this result cannot be considered very accurate, we can conclude only 
that the straggling deviation is on the order of 0.01 Mev for the pro- 
tons thrwigft tho nickel foil. 

For alpha particles through the foil, we may note that both narra- 
tor and denominator are raultipliod by a factor of four; and again xc 
find that straggling deviation is on the order of 0.01 av. 

For protons passing through the filling ga-j, we note th*»t 1 centi- 
meter of the g'is at atiaoepharic pressure is e ,ulvalent to about 
l.Rx 10”^ g/ca 2 . For 1.75 centir-etors of the gas at various 
pressures we therefore find that tho thickness in g/co 2 e t uals 



will be noted that in ill cases of interest herein, the total standard 
deviation for protons is still on the order of 0.01 :'oy, 

B . Ranges . 

In theory, ranges of charged particles can be coruputcd by integra- 




Jl « 0.0092 Uev. 



3.15 x 10~- 5 x p (atmospheres). 



Substitution in the sbeve formula rill give 



SI. 



ges; and the total 
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tion of the stopping power for aula (or tabulated data). 



ft * 




-(d^/dx) 



« 



Any inaccuracies in the stepping po^or fcrrsul or data will give cor- 
responding errors in the range computations. The statistical devia- 
tions in stopping power will also provide atragglin. in range. Tor 
particles of noderate initial energise there are experimental data 
which may be used to c^eck the theoretical commutations. Range curves 
have been computed (3)»(24) for vrious materials baaed on both theo- 
retical and expend raerial considerations, which we may use (at least in 
part) fer determination of the ranges of p rticles in U « filling g& s 
at various pressures . 

Tablo 711 gives the data on which our curves art b*s d. It nay bo 
noted that the gas considered is pure argon, as the 0r*e«r,oe of 10^ of 
CC % is not considered to have an effect ce- rsble to the uncertainty 
in the correctness of *he basic dfla, for coapariscn of the ranges of 
protons and slph - particles we make use of the for ula (4),(3)» 



where t^e protons and Ipha particles compared hvo the s*mm velocity. 

In comparing data for ranges in argon * r.d eir, e i.etercine the 
relative ranges in tho taro gasos, and note how t' . r-tio 9oeaa to 
approach « value close to unity for tho higher range cf energy in 
which we are interested. 



Rp * 1.0072 ft * - 0.20 («#) , 
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The range curve* are plotted in Figures 5 and 6. 

C» Specific Ionisation, 

In the oelection of values of the experimental variables (such as 
gas pressure) one of the factors to be known is the specific ionisa- 
tion of each of the particles passing through the sensitive volume of 
the counter, precise data is not needed, / nd therefore it is not 
considered necessary to present the Bragg curves of ion-pairs per 
centimeter throughout the length of path. Stiff ice it to soy that 
for moderate and high energies the alpha particle has a specific 
ionisation between 20,000 and 30,000 ion-pairs per centimeter in air 
at atmospheric pressure} and as energy is lost this figure increases 
until at about 0.4 centimeters before the end of the path the specific 
ionization is between 60,000 and 70,000. For protons the specific 
ionization is about 1/4 that of the alpha particle at higher energies, 
and about 1/3 at the point of mexiiaua ionization. (14), (25) 

The above data may be applied roughly to the filling gao used. The 
scan ionization energy of argon is about 22 % less than that of air (23), 
which fact would indicate an increased nurscr of total ions produced 
for particles of the same energy. However, the longer range of par- 
ticles in argon tends to keep specific ionization roughly the same as 
in air. 

0. Heating Effects. 

Almost all of the ®n*rg7 lost in the stopping or slowing of particles 
(at energies of interest here) appears in the form of heat. The raateri- 
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al which finally stops the particle beans is of sufficient msa to 
carry off th/ia ho*t without undue trouble. However, tha foils 
constituting the proton window and possibly the t-rgst are quits thin j 
and it is desirable to calculate the heating effects appearing here. 

Is the foils are siail r In both pi cea a c lcuiatlon for tha window 
will do for both* 



Consider the window na a thin disc of diameter 0.5 enu, thickness 
0.000127 cm., with its circunf erenti&l boundary attached to an i finite 
end perfect absorber of heat which remains at room temperature. For 
computational purposes a sus» that protons of 1 lisv energy pass through, 
in amount represented by 1 aicroanpare of current. At this energy the 
foil should absorb about 14. % of the bean energy, or 0.145 watts. The 
heat flow equation without sources is ( 26 ): 



jhi 



a t 



y 

C /° 



(i) 



The heat flow equation with source is: 



|j| ft -JS t 

dt */* /° c 

k » conductivity (cal/ca-sec-ddgras) 
c s specific heat (cal/gn-degres) 

/** s density (gn/cc^) 

u » temperature (degree) 

f * strength of source (cai/cra^-oec) 



( 2 ) 



Case 3. Assume that heat frost proton energy loss is applied uni- 
formly to foil. 

The steady-state solution is what we are interested inj therefore 
wo take (}u/>t) * 0. a then get 
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where K s f/k 



V 11 +- E = 0 , where K = f/k , (3) 

For the symmetrical condi ticn here, we csn take u as * function of 
r only, then 

(l/r)« (du/dr) + (d^u/dr^) + K ■ 0 • (4) 



If we let p * (du/dr), the equation is easily solvable since it can 
be made into an exact integral, to gives 

pr+jKr* s C X . (5) 
For a boundary condition we can use the fact that p * 0 when r « 0. 
This gives ua that 0\ is zero, so that 

r (p+ Kr) « 0 (6) 
We may cancel out r, »nd replace p by du/dr, giving an easily sol- 
vable equation as follows s 

u = C 2 - iKr 2 . (7) 



Another boundary condition is that u = T when r = R, where T is 
room temperature, undR is radius of the foil, 

Thio gives 



o 

K> 

It 


T +*|KR 2 


(?) 


Then 






u = 


T + *K (R 2 _ r 2) 


(9) 


We know that u~ ax 


occurs where r * 0, therefore 




u aax ® 


T+ KfR 2 A) • 


(10) 



If W * total energy absorbed por 3©cond by the foil, 
f = YrtlA , and 



( 11 ) 



%ax * T+(’-/4TTkt) 
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For nickel, k ■ 30 Btu/hr-f t-dogrcc? » .519 watts/cm-degreeC 

sry use wntts instead of cal/sec, since this unit cancels out, 
whan wo use 1? in watts. 

Substituting given data, then, we find that 

\x VAX m 25°0 + 17 5 ®c S 200°C . ( 12 ) 

Kote that this is independent of R. 

Case II. Assume that the host from the proton energy loss is applied 
to a spot in tho center of the foil, 1/64'* in diameter. 

The foil ary be divided into two regions: 

; In region (l) , Q^r^aj 
In region© a r R j where in our problem 

a is 1/12?" and K ir. 0.1 . 

In region (l) the equation with source applies and we my start from 
equation (7): 

»l = C a - • (13) 

In regi on (g)no source i3 present and we st^rt from equation ( 5 ) 
with K equal to aero: 

Pgr * • ( 14 ) 

Replacing p 2 by du^/dr and solving we obtains 

u 3 a C 1 in C 3 r , ( 15 ) 

.e have the following boundary condition: 

vhen r * ft, u 3 * T } 

r - a, n x - u 2 } 

r * a, duj/dr » du 2 /dr 

If we substitute these conditions in equations ( 13 ) and ( 15 ), we 
obtain three equations which can be solved simultaneously to find the 
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thrse constants of integrate on. This gives: 



Cl 

g 3 


* -|Ka~ • 

1 »(2T/Ka2) 

- 4 • • 

& 


(16) 

(17) 


C 2 


* ire 2 -hf - tea 2 In (a/t) . 


(IS) 


Substituting fer 


in e-uatien ( 13 ), we obtains 




u i * 


:K(a 2 - r 2 ) + T - |Ka 2 in (a/fc) . 


(19) 


As before, occurs whan r * 0 . 




u max 


s T -b Ka 3 (1 +■ In ,j ) } 


<ao) 




= t 4 _ kt 

kk kt 


(21) 



Substituting numerics! values in this equation, « jbt.in: 

w lx * 25*2 + 400°C * 425°C (22) 



Ths actual condition expected to be encountered is somwbere be- 
tween the cases I and II, which ar y be conaid^rtd extremes. Case II 
is probably closer to actual conditions. ’<o con see that the tem- 
perature rise is appreciable but not yet close to the malting point 
of the nickel (1452° C). 

K. Proton Scattering . 

Since discrimination against scattered protons i«* one of the most 

important functions of the apparatus herein devised, it is necessary 

to gat a quantitative picture of proton flux which can be expected to 

pc .33 through the counter under usual oper^tir* conditions. The sc&tter- 

er is the nickel target foil, ard the geometry is na Towed by the feet 

. os i , " 

that a scattered ; croton aust go through the hole in the reaction 
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chadber in order to pet into the counter proper. 

Asa representative case it will be assumed that 1 microaspore of 
protons hits the tsrgot fell nd is scattered at a laboratory n. le 
of 150°, end with n energy of 1 lev. 

In the center-of-aass system, the scetterinf angle say be given by 
the folio ing fornula, derivable from sinpie classic l considerations: 



© = ® arcein 




sin <S> 



1 



= 150 ° 29.3’ 



Sinilerly, in the contcr-of-raass sy 3 te. ■, one finds U t the energy of 

the incident proton: 

,v 



g 




0.933 ev. 



The velocity of the proton at this energy is 1.37 x 10^ ca/sec. 
The reduced mass equals: 



M 



%1 

Lv% 

= 1.645 x 10' 






grasis. 



Rutherford's scattering fcrswla is as follows: 



n(0)»dil» 




eoaec^ ( 9 / 2 ) *dl}, . 



The number of incident particles ner second, n Q , is the number cf 
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electronic charges to rdve ono ®icrocouIo<b. This nu«toer is 6.24 x 10 . 

Substitution of above d'ta r.nd known physic* 1 const* r.ts into the 
fornula, wo got for Rutherford sc* *- tering of the protons by the nickel 
foils 

n(a) = 9.14 x 10 7 per storadian per accord. 

The solid angle presented « -uale * 

bSL = . *.rgj.._p.f ...hole 

(fist. from target te hole)* 1 

= 1 /2£80 

Therefore the amber of protons passing into the counter proper 

3^60 

- 9.14 x 10*. 2£60 - 49j^£? per second. 

In scattering cases, one mat at times expect deviations fresa 
Rutherford’s fcrnral„, ^uoh are not always easy to predict; but in 
this case wo feel sore confidence in the above results because the 
energy of tho incident proton ia Much loss fc .-'n the expected b*i ~fci 
of tho potential barrier. Use «ey t-lso be isade of tho theoretical 
criteria d veleped by 3ehr (7). To do this two parameters rr.ua t bo 
computed: 

2L = bJL - 9.9 

hv 

if “ JL- '*^1 ’Us, - .0024 

T 2 K^i 

.hen^£ is greater than l, ?nd^i» less than 1, it means t' t the 
"collision di'reter" is snwllsr th*n the electronic radius, but 
larger than the ddBroglie irve-iength of the nroton. Under these 
circumstances Bohr declares that classical corsi derat ions are valid 
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almost all scattering angles 



XV. Possible frigs mvJ Techni->aa with .par tus 



One of the £r® t advantages to this apparatus is it® flexibility. 

It is easily assembled arv* disassembled, which *111 perndt replace- 
ment of a portion by a edified piece if desired. ’'txriherasore, it 
is capable of giving rough quantitative data for almost every aspect 
of a proton-alph reaction - cross-section, energy of reaction, 
range of sc tiered protons and e- itfced alph particles. It is also 
suited to being »-ut o-»to 1 coincidence circuit »hSch will enable 
coincidences bctwe- n Up • • rtlcle nd possible g^-asa rays to be 

detected. And finally, the apparatus r y be useful for ether experi- 
ments besides the one for which it is originally intorded. 

A. Techniques to Aid Plscrirtiaation. 

As can be seen fro» preceding sections, the -in difficulty to be 
overcome is the discrimination of aloha particles ap< inat the protons. 
Since wo can expect st veral thousand protons per s-cond through the 
solid angle subtended by the entrance port, this is quite a problem. 
f s wo have seen, 1 n&croarpera of protexi current will give 357000 
protons per second through the sensitive volus». Such a flux would 
probably saturate the counter and prevent countin' altogether of 
alph- particles, or at least seriously vary the rultiplicaticn factor 
of the proportion-*!’ counter. e 'irxe it taissa about 100 microseconds 
to sweep away the positive ions from the Tcw 3 e+*d »v>lanche (34), it 
would be more d«&lr- ble to keep the proton flux do-u to figure of, 
say, 4000 per second. IHs would re 1 -ire « nrotor be 5 incident on 
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the target foil 0.1 micros, r ns. it is d*-s*r>ble, however, to 
chock the operation of th> instrument with - : no , proton— 1 lpha re- 
acting element, using v rious proton beast stre« gibs tr determine 
^urt how high ora can go without seriously hampering >lpha counting* 

A lower proton flux also aids in loerir. the statistical probobili- 
ty of random superposition of two or more proton nulses which my be 
confused with art rlph - 'wise. If w«* assume for the <r>ka of discussion 
that pulses pyramid if they occur within 1 .Microsecond of one another, 
the probability of the occurrence in one second of the pyramiding of 
n pulses (where the average counting rate ia R per second) is 
approximately j 



To get an idea of the order of magnitude in our case, asiuns that R 
is 4000* Then vs could expect that a double proton pulse h*s & 
probability of 1/250 of occurring in 1 second; « triole pulse has 
only 1 chance in 62500; and higher orders ere negligible. ;o pick 
a worso case, Buypos© that ** is 10,000 and that pulse ti-i- is to 
be 5 microseconds. Then our probability beccoes (1/20) ~ . Thus 

double pulses cm b* ex^ectod once every 20 accent's on the average; 
triple pulses once aver*' - 400 seconds; : nd t u^druple j ilaeo once every 
8000 seconds. Thin factor ie thus seen not to be serleu if pre- 
cautions are taken; but It still rust be ©counted fnr when analysis 
is made of result®. 

The rin prcc.mtien to be token is to see thst th ^pjaretus is 
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U3«d in such a way as to minimis* the effect of pyramiding. The use 
of low proton fluxsa and short resolving time has been mentioned. 

This cannot always be accomplished as more paramount cons id-- ations 
may apply. » nothor w «y to help the situation is to regulate the 
pressure of the counter gas ao that & maximum ratio of alpha ioni- 
zation to proton ionization is obtained. If the scattered protons 
have a longer rango than the expected alpha particle-, it would bo 
woil to make the pressure of the gas rather low permitting the most 
energetic alpha particles to traverse most of the sensitive volume 
while the protons pass beyond and expend moat of their energy in the 
counter walls. On the other hand, for proton ranges shorter than the 
alpha particle ranges, it is quite simple to increase the presnure to 
stop the protons just before reaching the sensitive volume while let- 
ting alpha particles into the zone. By this means one chculd usually 
be able to prevent any appreciable chance of counting pyramided proton 
pulses as on alpha pulse. 

It is desirable, if difficulties with discrimination are not ex- 
pected, to make the pressure such ti to stop the alpha particles just 
short of the end of the sensitive volume. This gives the maximum 
pulse size, perndta detection of the greatest number of different alpha 
energies, and minimizes the effect of straggling. 

After selection of the gas pressure, the voltage must ba chosen for 
the central electrode from curves of multiplier tion ve-sus voltage for 
the specific pressure selected. This multiplied 5 on factor should be 
on the order of several hundred. Too high an amplification puts one 
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in the Halted proportionality region, sinking discrimination more dif- 
ficult, On the other hand if vro use a short resolving time for "ich 
the instrument is designed, we get a smaller pulse height; nd ths 
multiplication factor mat be kept fairly Large to overcome this effect. 
The multiplication factor should not be placed below 100 uniass un- 
avoidable, 

B, Reaction Crow « -sect 3 on. 

The reaction cross-section is easily co'cputed, in theory st least. 
The number of protons per second is easily determined by secumlating 
their charge in the reactor section nrd r.easuriny it in the current 
integrator attached eLectri sally thereto. In pr< ctice this is sub' ct 
to certain errors which ?re not easily determinable, but c"n be mini- 
mized. Protons which hit the side of the Farad*. y cage are measured 
even though they do r.ot hit the target. Also protons r*y cause 
secondary erais-Hon of electrons as they hit the side3 of the apparatus. 
The first effect msy be minimized by collijaatinp tb» proton beam wall 
before it enters tha cage; the second, by placing ths ~arad~y cays and 
the reaction cheater at a positive potential rith respect to adjacent 
pieces to draw back most o? the electrons ejected by proton collisions. 

The number of alpha particles ejected c«n be determined actually 
only in the direction of the counting apparatus. If ejection is ran- 
dom in direction then the total emission is determinable from the 
geometry of the entering pert. On the other hsr.d, if direction* 1 
effects are occasioned we can determine reaction cross-sectien only 
for the given angle of emission. To get complete reaction crcss- 
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section, tho directional effects would have to be deter lned. Co- 
incidence analysis of gamma radi.ifi.em nay help in this regard. 

C. Preton Scattering Cross-section. 

It is cbvious that cross-section for proton scattering c* n cosily 
be determined from the proton counts in tho chamber. Beam currents 
may bs cut down to whatever intensity necessary to prevent "dr owning" 
of tho counter. Tho values obtained are of course applicable only to 
tho particular angle of the apparatus. 

D, ftange and Tr.ergy of Alpha Particles. 

The mean range of tho alpha particles may be obtained roughly by 
use of a cathode ray oscilloscope connected to the amplification out- 
put of the amplifier-discriminator, so that the maximum pulse height 
my be observed. It a y be noted that if the initial measurements 
are made with the gas pressure adjusted to stop the alpha particles 
within the sensitive volume, then additional nanit ery be made with 
pressures decreased in successive increments. At a certain pressure, 
then, the alpha particles will begin to pass beyond the sensitive 
volume; and a rather sudden diminishing in pulse size should be ex- 
pected. (This is duo to tho fact that maximum ionization occurs 
shortly before the end of the path of the p'rticle.) If we knew 
the pressure at which this effect starts, then we say go tho range- 
energy curves for the filling gas (adjusted for the r tio of gas 
filling pressure to atmospheric pressure) to find the energy. Con- 
version from laboratory to center-of-mas coordinates Is accomplished 
by the uctrr l - 37 - 
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by the usual methods? although for moderately h-avy elements, the 
correction i* probably lose th*.n the experl n.tal error in this 
method. 

It is possible to reverse the rocedure, and increase the gas 
pressure until the alpha particles can no longer re;>ch tne sensitive 
volume? but this effect will probably not give as great accuracy as 
the one described above. 

T, Coincidence * e^sureaynta. 

The colncider.ce possibilities are equity understood t»n have been 
previously indicated, ' he output of the di^crimir. tor la a pul tion - 
each pulse of 10 volts in si3a «nd 1 micros -eon.- in duration. This 
permits discrindn. tion within e.n interval of that order, apparatus 
for gasasi measurement and coincidence c cun tin/ arc not a part of this 
thesis. The target Is located in such a pi *co on our a;v**rf tus as to 
facilitate placement ef the gtcsai c unter tube at almost all .oglos 
with respect to said target and the direction of the proton boas,. 

It should be noted that in making ccincider.ce measure. -*nts on 
must account for the random coincidences ~hich are possible duo to 
two main causes: (1) a true i pulse from or.a counter alcn a 1th a 
random background count on the other; (2) chance coincidence between 
an alpha particle ejected from or.® nucleus and a g&rma ray snitted 
from another at Iho same time. 

F. °tudy of rhort-liv^d it&dioiaotooe-a. 



Since the apnarutus is to be attached directly- to the source of 
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particles snd Measurements csn be made simultaneously with or irr sdi- 
ately after beabardiaent, an excellent means is provided for study of 
half-lives of certain isotopes which decay so rapidly j» to orsverrt 
the usual nethod of study by bombardment and subesqu-^-t removal to a 
counting apparatus. It nay be possible to fird an isotope of a few 
seconds’ he If -life which could be measured imR.adately after bombard- 
ment and which could be produced by a proton or deuteron capture. 

This is not the fundamental U 30 for which the apparatus is devised j 
but with slight modification it nay be used so. 
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V. Operating Characteristics and icjta 



A. Counter Amplification Character! stl eg. 

In operation of the counter tube in the proportional region it is 
desirable to fcno the counter amplification factor, for rea'-ono given 
hitherto. Korff (17) has developed a theoretical fornula for this 
factor, which .spends on the following parameters: siss of the central 
electrode; tiaplific tion threshold volte go; operatir. voltage; c pacity 
o r tiie counter tube; nui&er of a tea* per cubic centimeter ofthe filling 
gas; and n factor related to ionisation crcs. -section of the gas. This 
formula has several defects from & practical point of view: (a) the 
curve of amplification versus applied volvuga Kay begin with a rather 
gentle slope, so th t the threshold voltage for amplificstlon is diffi- 
cult to adjudge; (b) the capacity of the counter is not easily deter- 
mined when irregularities of the tube are considered} and (c) the 
ionisation cross-sactions of only e few elemental gases ere known with 
any precision. Per cur purposes the last defect i $ particularly im- 
portant, since n« are using a mixture of gases. 

Th* assplif icaticn factor for tho counter tube my however be obtained 
readily by experiment for any specific set-up according to a procedure 
outlined by Kosri hd Staufr (24). this technique was used by us end 
is outlined as follows: 

A polonium source, obtained by evaporation of a radioactive solution 
on a tantalum disc, was instated in the target section. The counter 
was filled with the proper mixture of gases 4th the required pressure, 
and then it was put Into operation. 
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The output of tb 6ir.plific.tion section o ; the linear .pllfier was 
connected to * cathode-ray oscilloscope, thus permitting observation 
of tha Individual pulses. For various voltages on tha central elec- 
trode the varl tion in pulse height could be used to ascertain the tube 
amplification - the basic reference being the pulso he if lit whan the 
voltage was so loa as to insure tha counter operation in the ionization 
region (amplification in the counter being unity at this point). 
Actually a elifht deviation from this procedure wa 3 used. The attenu- 
ation control on the linear amplifier is accurately calibrated, and 
the atnnlific' tion of the counter tube was determined by the amount 
of attenuation required to keep tha pulse height the same as the 
ref orer.ee . 

The procedure t^AS carried out at various gas pr scares varying in 
steps of 50 millimeters of mercury, from 50 as to 250 mca. Llffi- 
culties initially were encountered in obtaining reproducible data 
for various calibration runs at tha same pressures. It was deter- 
mined that this w’:s due to leek of care in accurate adjustment of 
gas percentages in the filling process, and to the leakage of some 
variable amounts o'* air. ith all possible care nd orecautions to 
maintain constancy in gas junlity, the results improved. * consistent 
set of results was finally obtained, end is plotted in * igure 7. 

B. Operation of Counter with internal Source. 

In order to a.*sura ourselves th*t the counter 311 operst* suc- 
cessfully and to check aomo of tho practical *sp«cts of its cpsr tion, 
a discrimination curve was obtained by taking counts on the polonium 
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conple fsenfclcnad above. the data for this is tabulated in (able VI 11} 
and the results 're indicated in Figure 8. It is isen that a good 
plateau is obt* inod, within the linltcticns of statistic-' 1 variations, 
"'he dropping off of H e counting rat© at t u o cxtre: f>ly high pulse 
heights is due partly to normal alpha prriicle otrargling but more 
to the self-absorption of tho s'reqsle filia. 

The strength o* th-le source Is scraputed as a nttter of interest: 



Activity inytfc 



(counts /min. ) x 4-77^ , where 

60 x6Jx n x 3.7 x 1C* 



ceunts/oin. = 
oo « 



n 



~ 



842 ± 8 

solid angxe subtended by entrance 

oort, 

1/2 5S0 

number of -ilph. particles per 
disintegration , 

1 . 



Substituting this data in the above equation we find that the 
activity on the date aaasured (14 Ha y 195-0 *** 1*.3/<C. 



C. Teat Using Protons f rc*s the Van dn Oraaff lq->gr-' ter. 

Several attempts have been racds to use protons front the Van de Graaff 
generator to induce a t>roton-*lph« roactl n in the apparatus, using 
fluorine (in the fora of TaF^ obtained by tho reaction of hydro- 
fluoric acid with a tantslucs target disc) as the t nr get element. 

These attempts h-ve not been conclusive and the data from same is 
not included. The most troublesome phenomenon to interfere is the 
pick-up by the instrument of any n^ar-by sparks or sudden voltage 
changes. Due to ar inherent capacity existing between the 7=-rsdiy 
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ci-g* section anti the csrtr -1 electrod 1 all sudde.i voltage Quangos 
occasioned by condenser discharges in the integrator are counted as 
f-irly heavy pulses - coapar&bie to alpha particle -rnlses In site, 

A grounded shield between the Faraday c-^a and tie counter section 
is indicated as necessary. . urther iraprove*>u\ts aloru t* ese lines 
ru 3 t be i .ado before good t unnti tahivo data c~n be obtained from the 
instrument for th t type of experiment in which the counter and the 
Van do Graaff gore n tor operate simultaneously. 
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VI. Direct J ona rf Future on.. 

Future Improvements of the Intruacnt should procozd along the following 
lines: 

(a) All internal valvos should bo replaced with the bellows tyoe 
needle valve which will hold a good vacuum on either side. 

(b) Lucite parts 3’oould be replaced by glass wer^ver possible, 
because Lucite does release oligr.t amounts cf gas, and also is net 
suitable for places wher it ssurt undergo & stress, 

(c) The electrostatic shielding bet we n Faraday cage and counter 
( mentioned above) must be provided. 

(d) All flexible hosing should be s.ieoifically designed for 
vacuum work. 

(•) Thorough tests should be carried out using known reactions 
until consistently successful results are obtained. These tests 
should be under a variety of conditions of ,’as pr/ssure*. 
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table I. 



Sasic Fata, 
"lament Z 


&t/« ’ '£fc • 


Av.Ieniz.Pct. 

(evj 


lens it/ 


o.atoT.3 
per cc at 
uU-^cs. pr. 


Hr 7.23 




SI 




19 

2.69 x 10 v 


A IS 




195 




2.69 x 10 19 


hi 29 


53.7 


325 


8.55 


23 

.913 x 10 3 


Ctt 29 


63.5 


320 


8.96 


.85 x 10 2 -* 
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TablOI 



Computation of Storing Power of ticket - r.d 90-10 rcon-r'O^ ixture 
for Aloha Particles nnd Protots. 



A. /lohi 


Furticttfs. 










”(i'ev) < 57 ' y . 




<r(xl0‘ 


-15% 

-4 


-d\/rix (lev/cr) 




(35*5) 


1 1 Cns 


i 


Gas 


U 


Gaa (1 at-. ) 




.3 


37.5 


1.32 1.23 


49.5 


46.1 


4520 


1.24 


•4 


40.8 


1.37 1.28 


55.9 


52 .: 


5100 


1.40 


.5 


43.0 


1.41 1.31 


60,6 


56.3 


553.3 


1.51 


.6 


44.7 


1.46 1.34 


65.2 


59.9 


5950 


1.61 


.7 


45.9 


1.49 1.37 


63.4 


62. ? 


6240 


1.69 


.8 


46.6 


1.51 1.40 


70.4 


65.2 


6430 


1.75 


.9 


47.0 


1.55 1.42 


72. •, 


66.7 


6650 


1.79 


1.0 


47.0 


1.59 1.45 


74.7 


63.1 


6020 


1.G3 


1.2 


45.5 


1.64 1.50 


74.6 


68.3 


6310 


l. r .4 


1.4 


4*.l 


1.70 1.54 


71.6 


64.8 


6540 


1.74 


1.6 


39.0 


1.75 1.57 


63.2 


61.2 


0230 


1.65 


1.8 


36.8 


1.30 1.62 


66.2 


59.6 


6050 


1.60 


2.0 


34.5 


1.85 1.67 


63.8 


57.6 


5930 


1.55 


2.5 


29.8 


I .96 1.75 


53.4 


52.1 


5330 


1.40 


3.0 


26.4 


2.06 1.80 


54.4 


47.5 


4960 


1.28 


3.5 


23.8 


2.15 1.85 


51.2 


44.0 


4670 


1.18 


4.0 


21.3 


2.23 1.89 


48.6 


41.2 


4440 


1.11 


5.0 


18.8 


2.35 1.94 


44. -* 


36.5 


4030 


.91 


6.0 


16.4 


2.43 1.97 


39.8 


32.3 


3630 


.€69 


?.o 


13.3 


2.53 2.00 


33.7 


26.6 


3080 


.715 


10.0 


11.3 


2.60 2.02 


2 9.4 


22.8 


26*0 


.613 


D. Protorn. 












.3 


13.0 


1.64 1.50 


21.3 


19.5 


1950 


.525 


.4 


10.6 


1.75 1.57 


13.5 


16.6 


1695 


.447 


.5 


8.S5 


1.35 1.67 


16.4 


14. 3 


ISC') 


.39-3 


.7 


6.90 


2.02 1.78 


13.9 


12.3 


1270 


.331 


1.0 


5.44 


2.23 1.39 


12.1 


1^.3 


1110 


.2 77 


1.4 


4.30 


2.40 1.96 


10.3 


e .43 


942 


.227 


2.0 


3.25 


2.53 ' : .00 


8.23 


6.50 


750 


.175 


5.0 


1.65 


2.74 2.04 


4.52 


3.36 


412 


.0905 
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able HI. 



Theoretical calcul* tions for stcppijyj power of nickel for alpha 

particles a ,c protons. 



-dr/dx * — p 

m v" 



B 


= Z ei>f In (Smv 2 /!), whore Z eJ , f * 26.4 and 1 a 325. 


Putting in 


constants, nd chuyji«.£ enarfy units to VV*, one obt-ir.s: 




-d7/dx a | 


358 B/i for aiphi -rticle* . 

22.4 3/^ for irotons . 




3 = ^ 


\ 26.4 In (1.675 »•) for alpt* articles 
[ 26.4 lr. (6.70 ) for protons. 


5 (L f ev) 


* p 


-(dl/dx)^ -(d V*c) p 



1.0 


13.6 


50.2 


48?0 


1120 


2.0 


31.9 


68.5 


5710 


767 


5.0 


56.0 


92.7 


4010 


415 


10.0 


74.4 


111,0 


2660 


2 49 


15.0 


85.0 




2-030 




20.0 


92.6 




1660 
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Table IV. 



Calculations for Energy Los# for t Ipha 1 articles Through t ickel foil 
cf Thickness 0.GQ0C5'' ( * .000127 cm). 



3 


-d ’/dx (urtv/ca) 


, ** fx>r l/l£Pftil.i 


' «v. for 


20 


1660 


♦0211 


.21 


15 


2030 


.0253 


.26 


10 


2630 


.0340 


.35 


5 


4030 


.0512 


.53 


2 


5^30 


.0740 


. >0 


1 


6320 


.0866 


.70 


.9 


6650 


.Ow45 


.66 


.8 


6430 


. 0 C 16 


.63 


.7 


6240 


.0792 


.53 


.6 


5950 


.0755 


.53 


.5 


5530 


.0702 


'lrost 11 


.4 


5100 


.0647 


O H 


• 3 


45:® 


.0575 


f • 


Calculations 


for hnerfy Loss 


of Protons fchrcug! 


ickel ; oil. 


5.0 


412 


.00523 


.0525 


2.0 


750 


.00952 


.096 


1.4 


942 


.01197 


.121 


1.0 


1110 


.01410 


.145 


.7 


1270 


.01610 


.175 


.5 


1500 


.01904 


.215 


.4 


1695 


.02150 


'■ csfc 


o 


1950 


.02475 


lr-ost ail 
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Tftblo V. 

Inargy loss of protons pan sing through 1.75 c® of filling gas 

(TOC rgon - 10/00,)* 



.(; >v) 


Ensrgy loss/cn. 
nt 1 t; , 


Loss for 
1.75 e . 


Fronaure 


u wrgy 


.3 


.525 


.918 


50 


.0604 








100 


.1209 


• 5 


.393 


. 696 


50 


.045'-’ 








190 


.0917 








150 


.1375 


.7 


o31 


. 57V 


5 


.0301 








100 


.0762 








150 


.1142 








200 


.1524 








25C 


.1904 


1.0 


• */ < 


.4*5 


5U 


.0319 








100 


.0638 








I5u 


.0957 








200 


.1277 








250 


.1596 








300 


.1914 








35*0 


.223 


1.4 


.22 7 


.397 


50 


.0261 








100 


.0522 








150 


.07-4 








200 


.1045 








l\5J 


.1300 








300 


.1570 








350 


.1330 








400 


.209 








5X3 


.261 


2.0 


.175 


.306 


50 


.0201 








loQ 


.0403 








150 


.0604 








-00 


.0 505 








25v> 


.1'jOti 








300 


.LclQ 








3?* 


.1410 








400 


.1611 








5ix) 


.201 
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T-.ble VI. 



Calculation of stand rd deviatiora in energy loss ® in 1.75 cn of 
filling gas »rd in foil (.00005" nickel) plus filling gas. 

JL - JilsL <£ • Zsi . t 

M A 

For nickel foil JL ~ .84 x 1G“ 4 O’ov)^ 

For filling gas -/ 2 - = 2.2 x 10~ 4 x P a ^ ffl (“ev) 2 



Jj&lLSti 


. 2 — 

JL ra „ 


dl — +r, 1 


Ji- 

k S 


JL„ , , 

.otal 


50 


.145 x 10~ 4 


.99 x 1Q“ 4 


.004 


.01 


100 


.29 


1.13 


.005 


.011 


150 


.43 


1.27 


.0065 


.011 


200 


.53 


1.42 


.0075 


.012 


250 


.72 


1.56 


.0 5 


.0125 


>00 


.3 7 


1.71 


*0093 


.013 


350 


1.01 


1.35 


.010 


.ou 


400 


1.16 


2.00 


.011 


.014 


500 


1.45 


2.29 


.012 


.015 



Kotet (1) Values calculated are considered to be quite aoproxi^cte. 
(2) Values are t* aoratlcally independent of j»rticie velocity. 
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Table J£L. 



Calculations of r/mga of protons and alph- particles in r-rgon (IJ7P). 
A. Protons. 



(v«v) 


Rarpe(c?.) # 


!W ' 


•-tio /R, ir 


.5 


1.0 


.7 


1.43 


.75 


1.72 


1.30 


1.25 


1.0 


2.6 


2.?5 


- .16 


1.5 


4. 


4.40 


1.09 


2.0 


7.54 


7.0 


1.073 


2.5 


(10.5) 


10.25 


1.03(a3surasd; 


3.0 


(13.') 


13.3 


1.00 


A.O 


(23.0) 


23.0 


1.00 


5.0 


(34.0) 


34.0 


1.00 



Pan#* values in ".ronthasas ar derived r rar the ratio ^ /ft . 



B. Alnhn particles. 

Foranln: 



+ .20 (era) - 



* # 



B. 



7, 


nre by Fcraula 


rrs by 7 perirtent** 3 


R .nre in 


.2 








.17 


.5 








• 30 


1.0 








.51 


2.0 


1.2 






1.0 


4.0 


2.8 








5.3 


» 




4.17 


3. 7 


7.7 






7.3 


6.96 


10.0 


10.7 






$.0.55 


16.0 


19.5 








20.0 


34.2 










References : 


* 


(U), (24). 










(3) 








*** 


(8) 





.*» 



** 
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Table VIII, 

Tata for I ulaa Height Discrimination Curve us l nr Pol on Id a ^au^coflnt. ). 



iscriR&n&tion 
Sett ins . 


C runts 


tec ends 


33 

36 


12 


60 


34 


256 


40 


32 


512 


51.5 


30 


1024 


67.0 


27.5 


1024 


87.9 


25 


1024 


77.0 


22.5 


1024 


73.1 


20 


1024 


15.1 


17.5 


1024 


76.5 


15 


1024 


74.8 


12.5 


1024 


63.5 


10 


1024 


73.9 


7.5 


1024 


71.1 


5 


1024 


74.2 


2.5 


1024 


70.1 


0 


1024 


1.2 



Counts/* in. /rfbftbl* ^rror 



0 




12 


3. 


320 


11 


597 


16 


707 


18 


100 


18 


799 


19 


*41 


19 


812 


19 


P04 


19 


822 


19 


893 


20 


832 


19 


365 


20 


823 


19 


877 

51200 


20 



This data is plotted in Figure 3. Vertical b rs in the figure cover 
the range of probable error. 
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